Introduction
Gaining access to the early molecular and cellular events govern ing malignant transformation in vivo is of considerable interest for understanding and targeting tumor development. Deltaretro virus infection constitutes an exceptional system for exploring early oncogenesis in vivo (1) and in vitro (2). Deltaretroviruses include human T cell leukemia virus (HTLV) types 1 (3) and 2 (HTLV1 and 2; ref. 4), the recently discovered HTLV3 (5) and 4 (6), simian T cell leukemia viruses (7), and the bovine leu kemia virus (8). These lymphotropic retroviruses infect verte brates in whom they cause leukemia and lymphomas; HTLV1, for instance, is associated with adult T cell leukemia/lymphoma (ATLL) (9). Deltaretrovirusassociated lymphoid malignan cies regularly occur after a prolonged period of latency. Some of these viruses may also cause inflammatory diseases such as HTLV1-associated myelopathy/tropical spastic paraparesis (HAM/TSP) (10), uveitis (11) , and infective dermatitis in the case of HTLV1 (12) .
At the molecular level, the oncogenicity of deltaretroviruses mainly depends on the expression of viral oncoproteins possess ing a pleiotropic effect on the cellular metabolism. By interfering with genome repair, cell cycle, and apoptosis, the HTLV1-encod ed Tax oncoprotein plays a central role in the clonal expansion and genetic instability of infected cells and thereby in HTLV1-associated leukemogenesis (2, 13). Importantly, as ATLL cells do not express Tax (14) (15) (16) , the oncogenic effect of Tax expression is necessarily restricted to the premalignant phase of the infec tion. For all deltaretroviruses, this preleukemic phase includes the persistent clonal expansion of infected cells that frequently express viral oncoproteins (16) . In vivo it is possible to identify the premalignant clone (i.e., the infected clone that will ultimate ly become transformed at the tumor stage) on the basis of its early detection and its high level of clonal expansion and genetic instability (1). It is also possible ex vivo, by limiting dilution clon ing of PBMCs, to access premalignant cells and to compare their properties with those of uninfected cells deriving from the same infected organism (17) (18) (19) .
Although HTLV1 infects both CD4 + and CD8 + T cells (20) (21) (22) , ATLL is regularly of the CD4 + phenotype (23) , meaning that the leukemogenic potential of the virus is restricted to the CD4 + subset. On the contrary, both CD4 + and CD8 + lymphocytes are involved in the immunological control of the infection and in the inflammatory processes that govern the pathogeny of HAM/TSP, uveitis and infectious dermatitis (24) (25) (26) . CD4 + lymphocytes infected by coculture with an HTLV1 cell line display a signifi cantly higher viral transcription rate than CD8 + cells infected with the same procedure (27) , suggesting that the T cell pheno type itself, probably via transcription factor availability, influ ences viral transcription and replication. In vitro, a high level of spontaneous proliferation characterizes PBMCs from HTLV1-infected individuals (28) . Whether this correlates with the clonal expansion of both infected subsets in vivo has not been investi gated to date. Altered growth kinetics is characteristic of cloned cells naturally infected by HTLV1 (17) and might result from cell cycle and/or apoptosis dysfunctions.
Here we have investigated the pattern of HTLV1 replication in CD4 + versus CD8 + infected lymphocytes in vivo. We have shown that in the absence of malignancy, both infected CD4 + and CD8 + T cells displayed a pattern of clonal expansion in vivo. We next designed a cellular model of HTLV1 replication through clonal expansion in order to investigate the mechanisms underlying clonal proliferation in the 2 lymphocyte subsets. We analyzed the effect of the infection on cell cycle and apoptosis in cloned CD4 + and CD8 + cells from infected individuals. In the absence of malignancy, the increased degree of infected T cell prolifera tion was shown to result from 2 clearly distinct mechanisms with respect to the T cell phenotype. Together with the pres ence of multiple CD4 + restricted cellular defects characteristic of genetic instability, these findings contribute to establishing the existence of a CD4 + restricted preleukemic phenotype.
Results

Cellular phenotype and HTLV-1 proviral loads in vivo.
CD4 + and CD8 + T lymphocytes express GLUT1 (29), a receptor for HTLV1, and represent the reservoir for HTLV1 in vivo (19) (20) (21) 28) . To better assess HTLV1 replication in the 2 lymphocyte subsets, we first compared HTLV1 proviral loads between CD4 + and CD8 + T cells. To this end, we enriched the cellular fraction in CD4 + CD8 -and CD4 -CD8 + T cells by negative selection as described in Methods. For this experiment we used 9 samples derived from 9 patients with HAM/TSP. Pertinent clinical data accompanying the DNA samples are shown in Table 1 . After negative selection with the human CD4 + enrichment cocktail, the mean purity of CD4 + T cells and the mean CD8 + T cell contamination were 94% and 0.02%, respectively. After negative selection with the human CD8 + enrichment cocktail, the mean purity of CD8 + T cells and the mean CD4 + T cell contamination were 85% and 0%, respectively. Quantitative PCR was carried out as described in Methods. As shown in Figure 1A , proviral loads of CD4 + lymphocytes ranged from 13 to 140 copies per 100 cells (mean, 61.8; median, 54.5) while those of the CD8 + subset were significantly lower, ranging from 4.7 to 32.3 per 100 cells (mean, 24.7; median, 26.6; P = 0.016; Student's t test for independent samples). These results indicate that in HAM/TSP the proviral loads of CD4 + cells are significantly higher than those of CD8 + lymphocytes.
Clonal expansion of CD4 + and CD8 + HTLV-1-positive cells in vivo. CD4 + and CD8 + T cells from patients with HAM/TSP are char acterized by high spontaneous proliferation ex vivo, which is par ticularly important in CD8 + cells (28) . In vivo, TCR analyses have 
Figure 1
Proviral loads (A) and clonality (B) of HTLV-1-positive cells in highly purified CD4 + CD8 -and CD4 -CD8 + lymphocytes from HAM/TSP patients DO45 and SI88 (see Table 1 ). Figure 1B . As previously described, a pattern of clonal expansion of HTLV1-positive cells was appar ent in all PBMC samples. Furthermore, clones of HTLV1-positive cells were found in both CD4 + and CD8 + T cells ( Figure 1B ), dem onstrating for the first time to our knowledge that both subsets of infected lymphocytes undergo clonal expansion. This was true for all patients studied. As there is a stochastic element to IPCR amplification of lowfrequency HTLV1 integration sites, quadru plicate IPCR analysis was performed (4 × 0.5 μg, ~4 × 75 × 10 3 cell equivalents) on the 27 samples derived from the 9 patients. A sig nal present in all 4 samples corresponded to a clonal frequency of ≥1 in 150 cells, while a single positive amplification corresponded to a frequency of ≤1 in 1,500. After quadruplicate experiments, the mean number of infected clones was significantly higher in CD4 + than in CD8 + cells: 73.5 versus 57 per 2 μg DNA (P = 0.008; t test for independent samples). The proportion of clones with a clonal frequency between 1 in 1,500 and 1 in 300 (i.e., detected 1 and 2 times after quadruplicate IPCR experiments) was not sig nificantly different between the 2 subsets of T cells. In contrast, the clonal proportion of more than 1 in 300 infected cells (i.e., detected 3 and 4 times after quadruplicate IPCR experiments) was significantly higher in CD4 + cells: 16 versus 8.5 (P = 0.032; t test for independent samples). For both T cell subsets, proviral loads positively correlated with the number of abundant clones, i.e., those detected 3 times or more after quadruplicate IPCR and having a clonal frequency of more than 1 in 300 infected cells. In contrast, proviral loads negatively correlated with the number of low abundant clones, i.e., those detected less than 3 times after quadruplicate IPCR and having a clonal frequency of less than 1 in 300 infected cells. Thus for both subsets of infected lymphocytes, proviral loads depended more on the degree of clonal expansion than on the number of infected clones. Therefore the previously described pattern of HTLV1 clonal expansion pertains to both CD4 + and CD8 + infected lymphocytes in vivo, the CD4 + subset having a significantly higher degree of cellular expansion than the CD8 + subset, allowing for higher proviral loads in CD4 + cells.
A cellular model of HTLV-1 replication via clonal expansion ex vivo. Although both T cell subsets undergo clonal expansion, ATLL is predominantly of the CD4 + phenotype. As ATLL onset is the con sequence of prolonged T cell infection (16, 45) , we hypothesized that distinct mechanisms might underlie infected T cell expan sion in the 2 lymphocyte subsets. Schematically, cell accumula tion and cell proliferation represent the 2 main mechanisms con tributing to clonal expansion; the former relies on the regulation of apoptosis, while the latter relies on the regulation of the cell cycle. We therefore designed a cellular model of HTLV1 replica tion via clonal expansion in order to compare the effect of HTLV1 infection on apoptosis and cell cycle in CD4 + versus CD8 + cells. To this end, T cell-limiting dilution cloning of PBMCs from 4 HAM/ TSP patients allowed us to clone uninfected and naturally infected CD4 + and CD8 + cells from the same infected individuals. A total of 22 uninfected clones (12 CD4 + ) and 44 infected clones (29 CD4 + ) deriving from the 4 patients with HAM/TSP were studied in detail. Infected and uninfected clones were not immortalized and required IL2 and stimulation with phytohemagglutinin (PHA) and feeder cells at 14day intervals for continued growth. All 66 clones harbored distinct and unique TCRs, as evidenced by mul tiplex PCRg denaturing gradient gel electrophoresis (Figure 2 ). Among the 44 infected clones tested, 31 expressed p19, includ ing 21 CD4 + (~72%) and 10 CD8 + (~67%) clones. The HTLV1 tax mRNA load was determined by diluting the cDNA extracted from cells of the HTLV1-infected MT4 cell line. This allowed for deter mination of the sensitivity of the realtime RTPCR assay. The detection threshold was 250 × 10 -5 ng diluted in 25 μl water. In 34 of the 37 HTLV1-infected clones screened (~92%) the amount of tax mRNA was above this threshold, including 22 of 24 CD4 + (~92%) and 12 of 13 CD8 + clones (~92%), as evidenced by quan titative realtime RTPCR. The HTLV1 tax mRNA load ranged from less than 250 × 10 -5 to 603,475 AU (median, 35,208; mean ± SEM, 128,480 ± 29,123) without significant difference between CD4 + (median, 64,175; mean ± SEM, 137,520 ± 35,994) and CD8 + clones (median, 23,821; mean ± SEM, 111,790 ± 51,202). There was a significant correlation between tax mRNA loads and the level of p19 expression as measured by ELISA (P < 10 -4 ; r, ~0.6246, Spearman rank correlation).
Infected CD4 + clones frequently display multinucleated cells with nuclear abnormalities. Cell morphology was analyzed on all infected and uninfected clones, and some differences clearly distinguished the former from the latter (Figure 3) . In infected clones, 38% had dedifferentiated lymphocytes, whereas uninfected clones had none (P = 0.03). Binucleated and multinucleated cells with enlarged cyto plasm were significantly more frequent in infected clones than in uninfected clones (3.9% versus 0.9%; P < 10 -4 ). The majority of mul tinucleated cells displayed wellseparated nuclei ( Figure 3F ), where as chromatin bridges connected nuclei in some clones (Figure 3, G and H). Cells with enlarged nuclei were also more frequent among infected clones (1.1% versus 0.3%; P = 0.005). Interestingly, multinuclearity and impaired cytokinesis significantly predomi nated in CD4 + infected clones, whereas the presence of chromatin bridges was almost exclusively restricted to CD4 + clones ( Figure 3I ). The degree of tax expression significantly correlated to the propor tion of binucleated (P = 0.041; r, ~0.4246, Spearman rank corre lation) and multinucleated cells (P = 0.007; r, ~0.5350, Spearman rank correlation). Together these results indicate that a significant proportion of taxexpressing CD4 + lymphocytes naturally infected by fulllength viruses fail to undergo proper cytokinesis and cell division, resulting in the formation of multinucleated giant cells. Figure 4A , the degree of cell prolifera tion was significantly higher in infected than in uninfected T cell clones. The difference was statistically significant at day 13 after PHA stimulation. Over the course of the experiment, the posi tive effect of the infection on cell count was significantly higher in CD8 + than in CD4 + lymphocytes ( Figure 4B) . The difference between infected and uninfected clones was statistically significant for CD8 + cells at days 7 (P = 0.04), 10 (P = 0.04), and 13 (P = 0.002), whereas CD4 + cells significantly outgrew their uninfected coun terparts only at day 13 (P = 0.04). No significant correlation was
Figure 3
Infected CD4 + lymphocytes that express tax display both nuclear abnormalities and cytokinesis defects. Clones 13 (A), 15 (C), 57 (B), 67 (F-H), and 68 (D and E) were cytospun, fixed, and stained with May-Grünwald and Giemsa. Label notation indicates the unique clone number, the phenotype, the infected or uninfected nature of the cells, and the corresponding amount of tax mRNA, measured in arbitrary units. noted between tax mRNA load and cell count. Even so, there was a trend for a negative correlation between the 2 values at day 10 (P = 0.059; r, ~-0.3829, Spearman rank correlation). For CD4 + cells, the mean 3 Hthymidine incorporation of infected clones was 1, 2, 3, and 1fold higher (mean, 1.6fold) than that of uninfected clones at days 3, 7, 10, and 13, respectively. The difference between infected and uninfected CD4 + cells was statistically significant at day 10 (P = 0.05). It is notable that at the same time the degree of cell proliferation was identical between infected and uninfected CD4 + clones ( Figure 4B ), suggesting that infected CD4 + cells dis play an increase of DNA synthesis in the absence of cell division, a result consistent with the high frequency of multinucleated cells in infected CD4 + clones. For CD8 + cells, the mean 3 Hthymidine incorporation of infected clones was 1, 2, 2, and 9fold higher than that of uninfected clones at days 3, 7, 10, and 13, respectively (mean, 4fold). The difference between infected and uninfected CD8 + cells was statistically significant at days 7 (P = 0.03), 10 (P = 0.03), and 13 (P = 0.05). At day 13, 3 Hthymidine incorpora tion positively correlated with tax expression (P = 0.017; r, ~0.6264, Spearman rank correlation), whereas no statistically significant correlation was observed at days 3, 7, and 10.
We next compared the effect of HTLV1 on spontaneous pro liferation between CD4 + and CD8 + lymphocytes. In the absence of IL2, the mean 3 Hthymidine incorporation of the 44 infected clones was approximately 20fold higher than that of the 22 unin fected clones (P = 0.002, MannWhitney test). Figure 4E shows that both CD4 + and CD8 + infected clones displayed a significantly higher degree of spontaneous proliferation than their uninfected counterparts, the 3 Hthymidine incorporation increase being sig nificantly higher for CD8 + (56fold) than for CD4 + infected cells (11fold; Figure 4E ). For the 44 HTLV1-infected clones, the degree of spontaneous proliferation correlated with the tax mRNA load (P = 0.001; r, ~0.6842, Spearman rank correlation). Twentyone additional clones were generated by limiting dilution cloning of PBMCs deriving from 2 uninfected blood donors and assayed for spontaneous proliferation. Their mean 3 Hthymidine incorpora tion was of the same order as that of uninfected clones deriving from HTLV1-infected individuals (3,399 versus 1,519 cpm; P = NS). Together, these results indicate that HTLV1 infection has a mod est positive effect on IL2-dependent CD4 + or CD8 + prolifera tion, which does not depend on tax expression. In contrast, the infection appears to strongly affect the spontaneous proliferation of both lymphocyte subsets in a Taxdependent manner, with a predominant positive effect on the spontaneous proliferation of CD8 + cells, which is restricted to infected cells.
Ex vivo, HTLV-1 infection prevents cell death in CD8 + lymphocytes while recruiting CD4 + lymphocytes into the cell cycle.
We next investigated whether the altered growth kinetics of HTLV1-positive clones relied on distinct effects of the infection on cell death and cell cycle between CD4 + and CD8 + cells. For all 66 clones, cell death and cell cycle were assessed by flow cytometry at day 6 follow ing PHA stimulation. Representative flow cytometry analyses are shown in Figure 5A , while Figure 5 , B and C, represents fluctua tions of cell cycle distribution and apoptosis for all 66 infected or uninfected CD4 + and CD8 + clones. There was no significant dif ference in cell viability, apoptosis, and necrosis (necrosis and late apoptosis) between HTLV1-positive and -negative CD4 + lym phocytes ( Figure 5, A and B) . Conversely, cell distribution across the phases of the cell cycle was strongly different between infected and uninfected CD4 + lymphocytes ( Figure 5B) . Overall, the per centages of uninfected CD4 + lymphocytes in the G 0 G 1 , G 2 M, and S phases of the cycle were respectively 92%, 3%, and 5%, versus 80%, 6%, and 14% for infected CD4 + lymphocytes (P = 0.001, Mann Whitney test). This result suggests that upon infection, there is a significant redistribution of CD4 + lymphocytes from the G 0 G 1 phase toward S and G 2 M phases of the cell cycle. In contrast to CD4 + lymphocytes, the percentage of apoptotic cells in infected CD8 + cells was significantly decreased compared with uninfected CD8 + lymphocytes (9% versus 15%; P = 0.04, MannWhitney test), whereas no significant difference in the distribution across the phases of the cell cycle was noted ( Figure 5B ). Therefore the clonal expansion of HTLV1-positive cells relies on 2 distinct mecha nisms for CD4 + and CD8 + lymphocytes: infection propels CD4 + lymphocytes through the cell cycle while preventing cell death in CD8 + cells. As Tax is known to interfere with both cell cycle and apoptosis in vitro, we next investigated whether the level of tax expression influences these parameters ex vivo in the present model of clonal expansion of cells bearing fulllength HTLV1 proviruses. Overall the tax mRNA loads correlated negatively with the percentage of cells in the G 0 G 1 phase of the cycle (P = 0.001; r, ~-0.5993, Spearman rank correlation) and positively with the percentage of cells in the G 2 M and S phases (P = 0.001; r, ~0.6021, Spearman rank correlation). These statistically significant corre lations were found in both CD4 + and CD8 + clones. In contrast, the level of tax expression did not influence apoptosis, necrosis, and cell viability in CD4 + or CD8 + clones.
Discussion
The data presented here show that infected CD4 + and CD8 + cells displayed the same pattern of clonal expansion in vivo. Therefore, both subsets of T cells disseminated the virus at a proviral state, although the degree of clonal expansion was higher in CD4 + than in CD8 + lymphocytes, which accounted for the significantly high er proviral loads harbored by the CD4 + subset of T cells. A cellu lar model was subsequently designed in order to investigate the mechanisms underlying HTLV1-dependent cellular expansion in the 2 lymphocyte subsets. Furthermore, as HTLV1 promotes tumor development rather than maintaining the malignant phe notype (14) (15) (16) ), this cellular model provided an adequate system to study the mechanisms underlying early leukemogenesis. The majority of infected clones was found to express p19 protein and tax mRNA without a difference in the frequency and intensity of
Figure 5
HTLV-1 recruits untransformed CD4 + lymphocytes into the cell cycle while preventing CD8 + cells from cell death. CD4 + and CD8 + clones (66 clones) were analyzed at day 6 from PHA stimulation for cell cycle (A and B) and apoptosis (A and C). # P = 0.001, ## P = 0.04 versus uninfected cells of the same phenotype.
expression between CD4 + and CD8 + clones. Thus in the present model the T cell phenotype of naturally infected cells did not influence the level of viral transcription ex vivo.
Multinucleated giant cells, including cells with chromatin bridg es, were significantly more frequent in taxexpressing cells and culminated in infected CD4 + clones. This suggests that a signifi cant proportion of taxexpressing lymphocytes naturally infected by fulllength viruses fail to undergo proper cytokinesis and cell division, which results in the formation of multinucleated giant cells. This had been previously described with lymphoid or non lymphoid cells stably expressing Tax (46, 47) . Chromatin bridges, restricted here to CD4 + infected cells, are related to abnormal chro mosomal segregation and contribute to genetic instability (48) (49) (50) (51) . As with anaphase bridges histologically observed in solid tumors (48) (49) (50) (51) (52) (53) , these abnormalities are thought to rely on telomere dys function and thereby constitute a harbinger of subsequent malig nant transformation, since they reflect oncogenic chromosome rearrangements (48) . We previously demonstrated that transient Tax overexpression downregulates telomerase activity (54) , which is consistent with our present findings and suggests that chroma tin bridges, which are restricted to multinucleated infected CD4 + lymphocytes expressing tax, are the consequence of Taxrelated telomere attrition. Alternatively, stable expression of Tax stably activates human telomerase reverse transcriptase (hTERT) gene expres sion (55) . However, it was recently shown that stable hTERT expres sion possesses a specific effect in CD4 + cells, namely the promotion of telomere dysfunction leading to chromatin bridges (56) .
IL2-dependent cell proliferation and 3 Hthymidine incorpora tion were found to be higher in infected than in uninfected clones. The positive effect of the infection on cell proliferation was modest and predominated with CD8 + cells. No significant correlation was noted between tax mRNA load and cell count. On the contrary, there was a trend toward negative correlation between these 2 val ues. This is reminiscent of the negative effect of Tax expression on cell division observed in nonlymphoid and lymphoid cells that stably express Tax (47, 57) . However, tax expression was positively correlated with 3 Hthymidine incorporation. This conundrum (Taxtriggered thymidine incorporation in the absence of cell divi sion) can be explained in part by the impaired cytokinesis charac terizing infected clones expressing tax, leading to DNA synthesis and nuclear formation in the absence of cell division.
PBMCs from patients with HAM/TSP proliferate spontane ously in vitro, the percentage of proliferating CD8 + T cells being 2 to 5fold higher than that of CD4 + T cells (28) . Richardson et al. showed that 4 of 12 HTLV1-positive clones generated by limiting dilution cloning, including 1 of 2 CD8 + clones, underwent spon taneous proliferation that significantly correlated with viral gene expression (19) . Here, spontaneous proliferation (i.e., 3 Hthymi dine incorporation in the absence of IL2) dramatically increased in HTLV1-positive clones and was significantly higher in CD8 + than in CD4 + clones. The degree of spontaneous proliferation of uninfected clones deriving from uninfected blood donors was of the same order as that of uninfected clones from HTLV1-infected individuals. Therefore, the spontaneous polyclonal lymphoprolif eration that characterizes PBMCs of patients with HAM/TSP and predominates with CD8 + cells is restricted to the infected subset of lymphocytes without involving uninfected cells.
Tax combines a positive effect on cell cycle with a negative effect on apoptosis (46, 47, 58-61 ). It inhibits negative cellcycle regula tors such as p53 (62-64), p16 INK4A (65-67) , and p27 Kip1 (68) and stimulates positive cellcycle regulators such as CDK4/6 (61, 69), Dtype cyclins (61, 70, 71) , and E2F (72; reviewed in ref. 73 ). Fur thermore, Tax suppresses a wide range of factors participating in the apoptotic cascade on the one hand and stimulates factors act ing as apoptosis inhibitors on the other (67, 74) . The main differ ence we observed between CD4 + and CD8 + clones corresponded to the mechanisms underlying clonal proliferation ex vivo, i.e., anti apoptosis of CD8 + versus cell cycling of CD4 + lymphocytes. There was no correlation between cell death and tax expression, whereas tax mRNA load was significantly correlated to the proportion of infected cells in the G 2 M and S phases of the cell cycle. These latter findings support the recent molecular demonstrations in the pres ent model of Taxtriggered accumulation of cells in the G 2 M and S phases of the cell cycle (75, 76) . Thus in the present model, cell cycling but not cell death depended on tax expression. The propor tion of cells in the S and G 2 M phases of the cell cycle significantly correlated with 3 Hthymidine incorporation but not with cell counts. This can be explained again by the fact that, in addition to promoting cell cycling, Tax also impairs cytokinesis, leading to DNA synthesis in the absence of cell division.
In conclusion, HTLV1-infected CD4 + and CD8 + lymphocytes displayed the same pattern of clonal expansion in vivo. Given the similar pattern of replication of both lymphocyte subsets in vivo, why is ATLL regularly of the CD4 + phenotype? The higher degree of in vivo clonal expansion in infected CD4 + lymphocytes might well contribute to selecting malignant events, as a high level of clonal expansion of deltaretrovirusinfected cells is the signature of pre malignant clones in vivo (1, 16, 42) . Furthermore, ex vivo, infected CD4 + lymphocytes accumulate numerous cellular defects, includ ing multinuclearity, chromatin bridges, and nuclear abnormali ties that characterize genetic instability (48) (49) (50) (51) (52) (53) . One can propose that together with these cellular abnormalities and the extensive oligo/polyclonal expansion observed in vivo, cell cycling, which was restricted to HTLV1-infected CD4 + untransformed clones in a taxdependent manner, is implicated in promoting HTLV1-associated lymphoid malignancies and establishes a preleukemic phenotype that is restricted to CD4 + infected cells. By contrast, the CD8 + restricted inhibition of apoptosis, which is independent of tax expression, might favor CD8 + dependent control of the infec tion (20) and inflammatory processes involved in the pathogenesis of HAM/TSP, uveitis, or infective dermatitis. Finally, our present results support that targeting CD4 + cell cycling is of interest in the prevention or treatment of ATLL and that targeting CD8 + anti apoptotic pathways might help prevent or treat HTLV1-associ ated inflammatory conditions.
Methods
Samples studied and cell separation. Human PBMCs were obtained after informed consent from 10 patients with HAM/TSP and from 2 uninfect ed blood donors. Cell separation was achieved by negative selection with the StemSep system using human CD4 + or CD8 + enrichment cocktails as described by the manufacturer (StemCell Technologies).
T cell limiting dilution cloning. PBMCs were cloned in limiting dilution (0.1 cells/well) in Terasaki plates after removal of adherent cells. The medium used for T lymphocytes was RPMI 1640 containing penicillin and streptomycin, sodium pyruvate, nonessential amino acid solution, 2mer captoethanol, 10% filtered human AB serum, and 100 U/ml recombinant IL2 (Chiron Corp.). The cloning medium was the medium used for T lym phocytes supplemented with 1 μg/ml PHA (HA16; Murex Biotech) and 5 × 10 5 cells/ml irradiated (30 Gy) allogeneic PBMCs (feeder cells). The Terasaki plates were stored at 37°C for 10 days in aluminum foil and then screened for growing cells under the microscope. Positive cultures were transferred to 96well Ubottom plates in medium for T lymphocytes and restimulated after a few days. T lymphocytes were restimulated every 14 days with PHA (1 μg/ml) and fresh feeder cells (10 6 cells/ml). Lethally irra diated PBMCs from 3 distinct allogeneic, HTLV1-negative donors were used as feeder cells to exclude the possibility of clones becoming infected in vitro. To preserve the original growth characteristics of the cells, clones were maintained in this way for no more than 4 months, after which time a fresh aliquot was thawed.
Phenotypic determination. Antibodies recognizing CD4 and CD8 were purchased from Dako. For fluorescenceactivated cell scanner (FACS) analysis, PBMCs or cloned T cells were incubated with 5% filtered human serum and then stained with antibodies. Staining and scanning were performed in PBS with 2% FCS. Isotypematched controls were used. Data were acquired on a FACScan and analyzed by means of CellQuest Pro software (version 4.0.2; BD).
Apoptosis assay. Apoptosis was assessed by using the APOPTEST kit (Dako) containing fluoresceinconjugated annexin V, propidium iodide (PI), and binding buffer. Cells suspended in the binding buffer were mixed with fluo resceinconjugated annexin V and PI. After incubation for 10 minutes, cells were analyzed by FACS. By combining annexin V/FITC and PI, 3 distinct phenotypes could be discriminated: nonapoptotic live cells remained unla beled, apoptotic cells were labeled by annexin V/FITC, and necrotic cells (necrosis or late apoptosis) were labeled by both annexin V/FITC and PI. Overall, for each sample analyzed, this permitted us to quantify cell viability (annexin V -PI -), apoptosis (annexin V + PI -), and necrosis (annexin V + PI + ).
Cell-cycle analysis. Cellcycle distribution was assessed by measuring the DNA content of a suspension of fresh nuclei by flow cytometric analysis after PI staining. Cloned T cells (5 × 10 5 ) were washed with PBS. Superna tant was wasted, and cells were resuspended in 500 μL lysis buffer (0.1% Na citrate, 0.1% Triton X100, 20 μg/ml PI). After storage at 4°C for a few hours, cells (>10,000) were scanned by flow cytometry and analyzed with ModFit LT software version 2.0 (Verity Software House).
T cell proliferation assay. Proliferation kinetics was assessed by measuring 3 Hthymidine incorporation at days 1, 3, 7, 10, and 13. Cells (10 5 ) were suspended in triplicate in medium containing IL2 and then pulsed with 1 μCi 3 Hthymidine (Amersham Biosciences) for 18 hours. Cells were then harvested, and 3 Hthymidine incorporation was measured by liquid scintil lation counting. To assess spontaneous proliferation, cells were harvested at day 7 after the sixth PHA stimulation, washed 3 times with PBS, resus pended in growth medium without IL2, then cultured in triplicate in a 96well roundbottom plate. After 48 hours, 10 5 cells were pulsed with 1 μCi 3 Hthymidine for 18 hours. Cells were then harvested, and 3 Hthymi dine incorporation was measured by liquid scintillation counting.
p19 antigen ELISA. Cellfree supernatants harvested from T cell clones were analyzed by ELISA using the Retrotek HTLVI/II p19 Antigen ELISA kit (ZeptoMetrix Corp.) according to the manufacturer's instructions. The concentration of HTLV1 p19 in specimens was determined by interpola tion from a standard curve.
PCRs. T cell clones were screened for HTLV1 proviral DNA by PCR amplification with longterminal repeat (LTR) region-specific primers as previously described (77) . IPCR amplification of HTLV1 3′ LTRs and flanking sequences was carried out on the DNA extracted from PBMCs, purified CD4 + CD8 -cells, purified CD4 -CD8 + cells, and cloned T cells as previously described (42) . Quantitative measurement of HTLV1 proviral loads in PBMCs, CD4 + CD8 -and CD4 -CD8 + sorted T cells, and cloned T cells was performed by realtime quantitative PCR as previously described (42) . Expression of tax was quantified by realtime quantitative RTPCR as described previously (78) . Analysis of TCR g chain gene rearrangements was performed on DNA extracted from generated clones as previously described (79) . This permitted us to confirm the monoclonality of the corresponding cultured cells. Products from multiplex PCR were run on a denaturing gradient gel, which enabled us to detect a band and determine the specific imprint of a given T cell clone if the clone accounted for at least 1% of the total lymphocytes present in the sample.
Statistics. Statistical analysis was performed using the 2tailed Student's t test or the MannWhitney U rank sum test. The correlations were cal culated using the Spearman rank correlation coefficient (r). P < 0.05 was considered statistically significant in all analyses. All data analyses were performed using SPSS statistical software version 11 (SPSS Inc.). 
